Geology
The area to the north of the headwaters of the Arkansas River (see fig. 1 ) has a base geology composed primarily of granites with occasional extrusions of other materials (Marcus 1973 Almost all soils in the type have a high erosion hazard, particularly if the plant cover is depleted or destroyed. Thus protection of the soil is a major concern in grazing management (Gary 1975 (Dunford 1954 (Dunford 1954) was quite comparable to that on range described as being in good condition by Reid and Love (1951) for the Elk Ridge area on the Roosevelt National Forest. Infiltration rates on plots in good condition were 118 percent greater than on plots in very poor condition, 80 percent greater than those in poor, and 35 percent greater than for plots in fair condition. Also, erosion rates from plots in good condition were about one-fourth those from plots in very poor condition, and one-half those in fair condition.
In the same study, Reid and Love (1951) lands protected from grazing produce yields of up to 1,600 pounds per acre. Smith (1967) Johnson (1953) and Smith (1967) showed that ponderosa pine ranges should be grazed to use 30 to 40 percent of the current annual growth of the major forage grasses to obtain maximum sustained production of both forage and beef. Lighter rates were not harmful to the vegetation, but they were not conducive to a good rate of livestock production. Grazing in excess of 50 percent use of the major grasses resulted in lower livestock production, and harmful, long-lasting damage to the range. Johnson and Reid (1958) fig. 12 ). In general, yearling animals will gain about 1.5 pounds per day in a 5-month season (Smith 1967 Complementary work on native species by Schuster (1964) showed that root systems of several plants, including the major grasses, were reduced by heavy grazing (table 1) 1967) .
Infiltration of water and erosion of soil were also related to cattle use of the plant cover. Studies by Love (1953, 1958) , Renner and Love (1955) , and Love (1960, 1961) showed that infiltration rates remained high or good under moderate grazing, but were poor under a heavy rate of use.
They also showed that, if an area is first grazed, and later a portion of the range is excluded from grazing, infiltration increases with time on the excluded areas but not on the grazed areas. Thus the main effect of any degree of cattle grazing was to slow or prevent recovery of water infiltration rates.
Soil losses were much greater on heavily grazed ranges where cattle removed 50 percent or more of the herbage than where 40 percent or less was removed on moderately or lightly grazed ranges (Dunford 1954 , Renner and Love 1955 , Dortignac and Love 1960 (Johnson 1947 Hull (1950) and Hull and Johnson (1955) (Currie 1967) showed Hervey and Johnson (1954) found that Russian wildrye does not fill in between rows following establishment, and concluded that this characteristic may be a disadvantage in high wind or water erosion areas.
Sherman big bluegrass, which was tested later than the other species (Currie 1969a) , produced daily gams comparable to crested wheatgrass but less than for intermediate wheatgrass or the mixture. In terms of total beef production and grazing capacity, however, it was superior to any of the other species. Beef production on Sherman big bluegrass averaged 6.7 pounds per acre more than on the mixture, and 19.1 pounds per acre more than on crested wheatgrass. It produced from 54 to 200 pounds more forage per acre, respectively, than these ranges when grazed to a proper 4-inch stubble height. In addition, this species started growth as early as Russian wildrye, and was more drought-tolerant than any of the other species tested.
Crested wheatgrass, which receives the most widespread use in range seedings, was tested to determine which season of use was best for sustained livestock and herbage production (Currie 1970) . Grazing this species to a 1-inch stubble height for 10 years during spring only, fall only, or spring and fall, had little effect on the vegetation. Drought and growing-season moisture had more influence on these ranges than the season of grazing. Pastures grazed in spring and fall produced more forage and gave the highest average beef yields, 177 pounds of gain per season.
A method of stepwise regression analysis was developed for estimating forage yields of crested wheatgrass ranges by measuring the monthly precipitation received during the growing season (Currie and Peterson 1966) . Precipitation accounted for 88 to 97 percent of the differences in yields, and the amounts received during different months or combinations of months determined the effective forage production available for use by livestock at each season. Precipitation received in April primarily determined forage yields on ranges grazed only in the spring. For ranges grazed only in the fall, May-July rainfall was most useful for predicting yields. When ranges were grazed both spring and fall, April-May precipitation determined spring yields and June-July rainfall controlled fall forage production.
Stocking rates in relation to forage yields during the different grazing seasons were also determined. Correlation coefficients between stocking rates (y) and effective forage production at each season (x) ranged from 0.94 for spring grazing on spring-fall ranges to 0.99 for ranges grazed only in the fall ( fig.   18 ). The methods of analyses used should be applicable to determining production and stocking rates on many western rangelands, and should also serve as a means of accounting for variation in certain types of research studies.
Cultural Manipulation and Integrated

Systems of Management Cultural Practices
In addition to range seeding, other cultural practices such as herbicide spraying and range fertilization can be used to improve ranges and increase grazing capacities. Abandoned fields (Johnson 1945) or severely depleted ranges (Costello and Schwan 1946) (Currie 1966 (Currie , 1969b Although most of the weight gain advantage came from fall grazing of Sherman big bluegrass, the Russian wildrye and crested wheatgrass contributed significantly to long-term animal nutrition. Malechek (1966) found that crude protein ( fig. 21) 
